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FIG. 1. Structures of ciguatoxins {CTX)-1. -2 and -3 and gambiertoxip-4h (GT-4b) (Murata et al.,1990; Lewis
et al.,1991). Cignatoxin-2 is a diastereomer of ciguatoxin-3 (Lewis et al.,1993).

(the major toxin in terms of mouse lethality) and
the isomers, gambiertoxin-4a and -4b (Legrand et
al..1992). Of these, only the structure of gambier-
toxin-4bis known (Murataetal.,1990)). However,
gambiertoxin-4b appears to be the most impor-
tant gambiertoxin contributing to ciguatera as its
oxidative products, ciguatoxin-1 and -3, account
for more than 90% of the toxicity of ciguatcric
fish (Lewis et al., 1991 Lewis & Sellin,1992).
The site of biotransformation of gambiertoxin-4b
to ciguatoxin-3 and of ciguatoxin-3 to
ciguatoxin- | remains to be established, but likely
occurs in the liver of fishes (Lewis et al..1991).
Extraction of gambiertoxins from recl bio-
detritus containing wild G. roxicus is circumstan-
tial evidenee that G. roxicus is the origin of the
toxins that cause ciguatera. Further support for
this hypothesis was obtained by Holmes et al.
(1991) and Holmes & Lewis (1992) who found
two putative gambiertoxins (called major and
minor based upon their refative contribution to
total lethality) in cultures of certain strains of G.
roxicus. These toxims were less-polar than
ciguatoxins-1,-2 or -3 but were considered close-
ly related to the ciguatoxins since: (i) both gam-
bicrtoxins produced bioassay signs in mice
similar to thosc produced by ciguatoxins-2 and
-3. (ii) the major (more-polar) toxin was shown
to bc a Na* channel activator toxin (as are the
three ciguatoxins) that produced pharmacologi-
cal responses in isolated tissues similar to those
produced by the ciguatoxins (especially
ciguatoxin-3; Lewis & Wong Hoy, 1993) and (311)
the major txin competitively inhibited the bind-

ing of [*H]brevetoxin-3 to rat brain synap-
tosomes. The ciguatoxins (und brevetoxins) are
the only toxins known to competitively inhibit
brevetoxin binding to the Na* channel (Lombet
et al..1987; Lewis et al..1991). However, gam-
biertoxin-4b has not been unambiguously iden-
tified from cultured G. toxicus and therefore the
origin of the precursor of ciguatoxins-1 and -3
remains to be established. Many repons have
claimed to extract ciguatoxin or ciguatoxin-like
toxins from cultures of G. roxicus (Bergmann &
Alam.1981: Withers,1982; Shimizu ct al., 1982
Miller et al..1984; Lechal et al.,1985; Durand et
al., 1985; Durand-Clement, [987) but these inves-
tigations relied upon a liquid-liquid partition (eg.
diethyl ether-water) to completely scparate
ciguatoxin-like toxins from the considerable
amounts of maitotoxin present in crude extracts.
Since maitotoxin can partition into both the hpid-
and water-soluble phases (Yasumoto et al.,
1979a; Holmes et al.,1990) these former studies
are unlikely to have completely separated any
ciguatoain-like material from the maitotoxin.
Production of gambiertoxins in cultured G.
toxicus appears to be strain-dependent, with most
clones only producing maitotoxins (Holmes et
al..1991). These authors found that only two of
13 cultured strains produced putative precursors
of the ciguatoxins, indicating that the actiology
of ciguatera is likely restricted to genetic strains
of G. roxicus which can produce gambiertoxins.
The most striking evidence for this genetic
variability was that putative gambiertoxins were
produced by only one of four G. raxicus clones
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body weight). Doses of crude fish extracts >1
g/kg i.p. can produce non-specific toxic effects
(Banner et al.,1961; Lewis et al.,1988a). Un-
saturated fatty acids extracted from shellfish have
also been shown to produce toxic effects when
injected i.p. into mice (Takagi et al.,1984). Cal-
culations of total toxicity based upon lethal doses
of such large amounts of extract would likely
result in the overestimation of the quantity of
toxin present. Additionally, the water-soluble ex-
tracts of fish flesh killed mice quickly (5 and 13
min, lwaokaet al.,1993; 3-30min, Endean et al.,
1993). However, based upon these rapid deaths,
we conclude that any water-soluble toxins 1so-
lated were not maitotoxins, since very large doses
of native maitotoxin (e.g. >100 lethal units)
would be required to produce such short death
times. The three maitotoxins characterised so far
are polent but slow acting toxins with the shortest
survival times (calculated according to Molinen-
g0, (1979)) being greater than 41 min (Holmes et
al.,1990; Holmes & Lewis in press).
Maitotoxins are the most toxic toxins produced
by G. toxicus, often comprising more than 99%
of total toxicity (Holmes & Lewis, 1994). Fishes
fed cultured G. toxicus cells display abnormal
swimming behaviour (Davin et al.,1986,1988;
Kelly et al.,1992) probably as the result of
maitotoxin intoxication. Maitotoxin poisoning of
fishes in the wild may result in these fishes being
preferentially preyed upon. This could be a
mechanism for concentrating gambiertoxins
through the food chain of fishes when her-
bivorous fishes ingest strains of G. toxicus which
produce both gambiertoxins and maitotoxins.
Toxins other than ciguatoxins-1,-2 and -3 have
been suggested as causcs of ciguatera. Scaritoxin,
extracted from parrotfish (Scarus gibbus) from
the Gambier Islands (Chungue et al.,1977), may
be a less-polar form of ciguatoxin (Lewis et al.,
1991; Legrand et al., 1992). Vernoux & Talha
(1989) detected fast-acting ciguatoxins in fish
flesh; instability and quick death-times induced
by these toxins distinguish them from cigua-
toxins-1, -2 and -3, which are stable and slow
acting (Lewis et al.,1991). Other toxins suggested
as causal agents of ciguatera include palytoxin,
okadaic acid and other toxins (predominately
water-soluble toxins) produced by the benthic
dinoflagellate species Ostreopsis spp. and
Prorocentrum spp., and toxins produced by the
planktonic cyanophytc (cyanobacterium) Oscil-
latoria (Tricodesmium) erythraea (Yasumoto et
al.,1980; Nakajima et al.,1981; Murakami et al.,
1982; Tindall et al.,1984,1990; Norris et al.,1985;

MEMOIRS OF THE QUEENSLAND MUSEUM

Holmes et al.,1988; Kodama et al., 1989; Dickey
et al.,1990; Juranovic & Park,1991; Hahn &
Capra,1992).

Palytoxin is a potent water-soluble toxin iso-
lated from various Palythoa coral species (Moore
& Scheuer,1971; Habermann,1989). Palytoxin
(or one of its congeners) has been found in the
flesh and viscera of triggerfish Melichthys vidua
(Fukui et al.,1987a,b) and smoked mackerel
Decapterus macrosoma (Kodama et al.,1989).
Palytoxin is also thought to be responsible for
intoxications causcd by eating parrotfish liver
(Ypsiscarus ovifrons) from westcrn Japan
(Noguchi et al.,1987). The extent of human
poisoning from palytoxin is not known but we
believe it is a separate poisoning distinct from
ciguatera. Hospitalised cases present with signs
distinguishable from ciguatera including
elevated serum enzyme levels (Noguchi et
al.,1987; Kodama et al., 1989). However, mild
palytoxin poisoning may be mistaken for
ciguatera.

Okadaic acid is a lipid-scluble polyether toxin
with similar chromatography to ciguatoxins
(Yasumoto ct al.,1980; Murakami et al.,1982).
Okadaic acid was originally isolated from the
black sponge Halichondria okadai (Tachibana et
al.,1981) but has been isolated from the benthic
dinoflagellates Prorocentrum lima (Murakami et
al.,1982) and P. concavum (Dickey et al.,1990)
and from the temperate dinoflagellates Dino-
physis (Lee et al.,1989). Okadaic acid is one of
the toxins that can accumulate in shellfish to
cause a disease known as diarrhetic shellfish
poisoning (Lee et al.,1988). However, the only
fishes from which okadaic acid has been ex-
tracted are barracuda from the Caribbean (Gam-
boa et al.,1992). This result requires confirm-
ation, including an estimate of whether the levels
detected were sufficient to cause human poison-
ing. The primary basis for linking okadaic acid
(and the other toxins produced by Ostreopsis spp.
and Prorocentrum spp.) with ciguatera is (i) the
dinoflagellates that produce these toxins would
likely be ingested by the same or similar her-
bivores that ingest G. toxicus, and (ii) the diverse
range of symptoms of ciguatcra could result from
a combination of several toxins. However, there
is little evidence to indicate that the toxins
produced by these dinoflagellates accumulate in
fish flesh to causc human poisoning. Symptoms
of ciguatera could rcsult from ingestion of dif-
ferent relative amounts of different ciguatoxins
(Lewis & Sellin,1992) and/or different doses of
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